Background/objectives Breakfast consumption has been shown to impact children's growth and development, but the influence of breakfast skipping on total daily intakes is not known. The purpose of this study was to examine the differences in nutritional intakes and food consumption between children who consume breakfast versus those who do not. Subjects/methods Dietary recall data were assessed for 2-year-old to 5-year-old children (n = 3443) and 6-year-old to 12-year-old children (n = 5147) from NHANES 2005-2012. Dietary intakes and diet quality scores were compared across breakfast consumption and skipping with means and 95% confidence interval.
Introduction
Breakfast consumption is supportive of health, and has been shown to contribute to the consumption of a greater amount of daily nutrient intakes in adults [1] , adolescents [2] , and elementary aged children [3] . Children need optimal nutrient intakes to meet the demands of growth and development [2] . Breakfast consumption offers an opportunity to increase children's nutrient intakes, especially micronutrients, and increases their meal time frequency, which has been associated with better overall daily nutrient intakes that can affect short-term and long-term health outcomes through improved overall daily nutrient intakes [1] .
Older children are more likely to skip breakfast than younger children [4] [5] [6] [7] [8] , most commonly noted among adolescents [8] . Although, according to Mahoney et al. [9] , as many as half of all kindergarten children arriving to school reported skipping breakfast. To date, no research studies reported that children who skip breakfast consume a greater amount of calories at other meals to compensate for the caloric deficit from breakfast [2] ; thus, breakfast
In memory of Samantha A. Ramsay represents a missed opportunity to optimize energy and nutrient intakes to support children's growth and development.
Nutrients missed from skipped meals are of importance as academic performance and cognitive functioning is affected by diet quality [10] as well as the overall nutritional status throughout childhood and adolescents. [11] . Children's consumption of breakfast provides nutrients that had better cognitive functioning, higher math scores [5] , were more engaged [12] , were more alert and had better memory recall [2, 9, 11, 13] , while regular consumption of breakfast is associated with increased IQ test scores in early childhood [14] . Breakfast consumption improves performance, attendance, and psychosocial functioning in school [3] , with and both older and younger children perform better on spatial memory tests after consuming breakfast [9] . Poor academic performance when breakfast is not consumed can be attributed to fatigue from low blood glucose [15] , as well as decreased nutrient intakes [1] . Hungry children have been shown to participate less in classroom activities in general [3] . Frequent consumption of breakfast, regardless of the meal quality [2] , also has been linked to lower risk of overweight among children [2, 8, 12, [16] [17] [18] [19] .
These health impacts may be related to nutritional contributions of breakfast to child intakes. In feeding study of 8-10 year old children, those who were fed breakfast consumed fewer calories over the remaining course of the day compared to those no did not consume breakfast [20] . Broader assessments of child intakes noted that children who consumed breakfast were more likely to meet nutrient intake recommendations, specifically vitamin A, vitamin C, riboflavin, calcium, zinc, and iron, while presenting a higher overall diet quality [2] . The consumption of nutrient dense foods, appears to be more beneficial than other foods lower in nutrient density to overall health [18] . Thus, the relation of breakfast consumption has been linked to several factors related to health and nutritional status in children, but a deeper understanding of the dietary patterns is necessary to identify the potential ramifications of breakfast skipping on nutritional intakes and the related dietary patterns.
While previous literature has established the vital role of breakfast consumption on cognition, nutrient intakes, and support of a healthy weight among older children and adolescents, much less is known about breakfast skipping and its implications on food group consumption, nutrient intakes, and overall diet quality in early and middle childhood. Therefore, the purpose of this study was to examine the food group consumption, nutrient intakes, and overall diet quality of 2-year-old to 5-year-old and 6-year-old to 12-year-old among US children who skip and who do not skip breakfast.
Methods
To assess the contribution of breakfast consumption patterns, data from US Children, 2-5 years of age (n = 3443) and 6-12 years of age (n = 5147), were analyzed from the 2005-2012 National Health and Nutrition Examination Survey (NHANES). Public use data files were downloaded from the Center for Disease Control and Prevention National Center for Health Statistics' website and used for the analyses. Data from the two-year cycles (2005-2006, 2007-2008, 2009-2010, 2011-12) were checked for consistency and aggregated to create an 8 year data file for analyses. The protocols for NHANES data collection were approved by the National Center for Health Statistics' Research Ethics Review Board.
Participants
Participants utilized in this study were 2-12 years of age (n = 8590) with valid and reliable dietary intake data from the 24-h recall collected during the Mobile Exam Center (MEC) visit [21] . Data was collected from the non-institutionalized population to assess the health and nutritional status. A multistage, stratified sampling was employed to select participants, with oversampling of young children and adolescents, low-income persons, African Americans, and Mexican Americans to enhance the ability to assess difficult to reach populations [21] . Children were stratified into two age groups, young children 2-5 years of age (n = 3443) and children 6-12 years of age (n = 5147), to explore age-based differences in breakfast consumption patterns and the relation to total meal, snack and total daily intakes. Children were categorized whether they ate breakfast or skipped breakfast defined as parent or self-reported eating occasion of breakfast from the 24-h recall.
Data Collection and Preparation
Twenty-four hour dietary recalls were collected in the MEC to estimate dietary intakes of the respondents using the US Department of Agriculture's (USDA) Automated Multiple Pass Approach [22, 23] . Trained interviewers used a systematic process to obtain the foods and beverages, as well as the quantities consumed during the day preceding the interview. Adult proxies familiar with their child's intakes were used for the interviews of those under 6 years of age. Those 6-11 years were interviewed directly with the aid of an adult, while 12 year olds provided their own intakes independent of a proxy.
Individual foods reported during the dietary recall interviews were matched to the USDA Food and Nutrition Database for Dietary Studies [24] and the Food Patterns Equivalents Database [25] to estimate the energy, nutrients and MyPlate equivalents estimates reported as consumed at breakfast and throughout the day. For assessment of the contribution of discrete food categories to total energy intakes, food reported during the 24 h recall were classified into food groups based on the USDA Food Categories [26] . The Healthy Eating Index 2010 (HEI) was computed as a measure of overall diet quality based on the US Dietary Guidelines for Americans. Total HEI 2010 score was computed as the sum of 12 subscales (0-100), with a higher score representing a better diet quality [27] .
Along with the specific foods reported, total nutrients and HEI, data were collected to identify the day of the week, time of day, name of eating occasion (meal), source of food and the whether the food was eaten at home. Eating occasions were recoded into four discrete categories: breakfast, lunch, dinner and snacks. To identify the contribution of breakfast to total daily intakes, volume (grams), energy, nutrients and food groups were summed across each meal category. Volume data for each eating occasion was used to stratify children into those who ate breakfast and those who skipped breakfast.
Statistical Analysis
Dietary intake patterns of 2-year-old to 5-year-old and 6-year-old to 12-year-old children were assessed for breakfast consumption using frequency and descriptive analyses. The proportion of children who skipped breakfast on the reported day was computed for the total sample and by age group, as well as the proportion missing other meals and snacks by breakfast consumption. Mean volume, energy, and nutrient intakes were computed for meals and snacks and the difference in intakes for the remainder of the day by breakfast consumption was assessed. The proportional contribution of food groups to total energy intakes were computed using the following formula: % of total energy intake ¼ P energy from each food group ð Þ P ðenergy from all foodsÞ Â 100
Data were downloaded and imported into Statistical Package for the Social Sciences (version 21, IBM SPPS Inc, Chicago, IL) for tabulation. To account for the complex 
Results
From the total number of children 2-5 years of age (n = 3443) and 6-12 years of age (n = 5147) a total of 140 (4%) and 659 (14%) skipped breakfast respectively. Older children (6-12 year olds) were nearly three-times more likely to skip breakfast (Table 1) . A greater percent of children skipped other meals (i.e., lunch, dinner, and snacks) if breakfast was skipped. Normal weight, upper income and non-Hispanic white children had the highest rates of breakfast consumption.
To assess the differences in food categories consumed by skipping breakfast, the proportion of energy obtained from discrete food categories was computed for both the 2-yearold to 5-year-old and 6-year-old to 12-year-old groups separately (Fig. 1) . Snacks and sweets, mixed dishes and protein were the leading sources of energy across all children in the sample followed by grains; however, milk and dairy products was the second leading source of energy for younger children and third among older breakfast consumers. For those who skipped breakfast, the combination of snacks and sweets and beverages contributed at least onethird (36%) of their total energy intakes, compared to 28% and 30% of total energy for younger and older children, respectively, who consumed breakfast.
Children in both age groups who skipped breakfast consumed less energy, protein, carbohydrate, fat, fiber, vitamin A, folate, iron, and calcium than those who consumed breakfast ( Fig. 1 Contribution of food group intakes to total daily energy by age and breakfast skipping (n = 8590) sugars in the lunch, dinner, and snack meals. In children who did not eat breakfast, intakes of energy, total fat, saturated fat, protein, carbohydrate, and energy from added sugars was higher in lunch, dinner, and snacks (nonbreakfast meals). Regardless of the increased intake for most nutrients in the non-breakfast meals (lunch, dinner, and snacks) for children who did not consume breakfast, the amount of nutrients was insufficient to meet the equivalent average amount of nutrients consumed by children who ate breakfast (Table 3) .
Children who ate breakfast on the reported day had significantly higher total HEI scores as indicated by 95% confidence intervals. Children had significantly better HEI scores for fruit, whole fruit, whole grains, dairy, sodium, and empty calories categories for children who consumed breakfast (Table 4) .
Discussion
As identified in the current study, breakfast plays a pivotal role in the intakes of key nutrients the diets of children, as those who skipped breakfast were less likely to make up for the absence of key nutrients commonly obtained at, traditionally, the first meal of the day. The percentage of children who skipped breakfast in our study was lower than previously reported with school-aged children; however, our sample also included very young children aged 2-5 for which comparable studies are less prevalent [5, 9] . The trend of a higher percentage of children skipping breakfast in older age groups supports previously reported trends [2, [4] [5] [6] [7] and reinforces the need to identify intervention strategies to reinforce children's continued breakfast consumption habits. Because children who skip breakfast are likely to continue to skip breakfast later in life [28] , greater attention is needed to reinforce breakfast consumption behaviors in early childhood to prevent potentially suboptimal intakes of macro-and micronutrients that could negatively influence children's health [2] .
The finding of the current study that children who skipped breakfast were more likely to skip other meals on the reported day are of great concern. A possible factor influencing the continued behavior of skipping meals could be a child's socio-economic status [18, 19] as children from a lower socio-economic status may have challenges with food access and availability that would impact all meals consumed and not just breakfast. While the main aims of the current study did not include examination of the socioeconomic and other potential correlates of breakfast skipping, further research in this are in needed.
While snacks and sweets contributed a large proportion of total energy for both breakfast consumers and breakfast skippers in our sample, children who consumed breakfast had better overall diet quality compared to those who did not eat breakfast. Mhurchi [3] found similar results and suggested that children who skip breakfast might have greater reliance on snacks that are often represented by lower nutrient dense foods than foods and beverages typically consumed at breakfast. A common misconception is that children who skip breakfast overcompensate throughout the rest of the day, which is thought to contribute to obesity; however, data from the present study and others [2, 20] indicated that children who skipped breakfast on the day of intake had average total daily energy intakes lower than children who consumed breakfast. While children who skipped breakfast consumed a greater amount of calories and nutrients in nonbreakfast meals (lunch, dinner, and snacks), the amount of calories was not sufficient to make up the difference in total energy intake for the day. Further, unique to the present study, children who skipped breakfast had a lower HEI and consumed a greater amount of added sugars for the total day, which may suggest a potential mechanism to the identified relationship between children who skip breakfast and a greater amount of body fat [8, 16] , higher BMI [29] and increased likelihood of overweight [12, 29] . While children and adolescents who consume breakfast consume more calories than those who skip breakfast, as previously reported [8] , children who skip breakfast enter a starvation period that could impact appetite [15] resulting in compensatory over-eating in subsequent meals that could influence weight gain. While total energy intake was lower, the poor eating habits could impact obesity later in life.
Skipping breakfast in the current sample of children was negatively associated with lower intake of several key micronutrients (folate, calcium, and fiber), with some of these key nutrients identified in previously reported research [2, 3] . Regardless of the increased energy and nutrients consumed in lunch, dinner, and snacks in children who skipped breakfast, they were not able to make up the nutrients missed. Insufficient nutrient intakes during childhood can have long-term consequences on health [1] . Not only does a lack of nutrients affect growth and development [2] , but the behavioral effects of a lack of energy and nutrients at breakfast could have a lasting impact on children's behavioral outcomes, such as appetite control [30] and a obesity risks [8, [16] [17] [18] . In addition, suboptimal nutrient intakes as a result of skipping breakfast may impact cognitive functioning [10] , particularly due to the drop in blood glucose [15] , which leads to a lower academic performance [2, 9, 13] . Reinforcing breakfast consumption has been shown to be supportive of high test scores in children [14] .
The findings from this study support the importance contribution of breakfast consumption to dietary intakes in children, both in early and late childhood, using a nationally representative sample of US children. However, the data cannot provide a broader picture of breakfast consumption and overall dietary intakes, and nuances of the day of the week selected for the single day recall. Also, the season upon which data was collected, may limit reporting of food intake, particularly of rarely consumed foods. These data were collected throughout the year over each cycle, which would represent dietary intakes across all seasons. As well, previous research supports the use of a single day with large samples [31] that offer the variability in intakes to assess the intended patterns. Limitations of the study are evident in that data was collected using 1 day from NHANES and the day and breakfast intake may not be typical for the child. Future research would benefit from further examination of the nutrient quality of the breakfast items consumed by children and the impact of the type of foods on growth, academic performance, and weight. The strengths of the study include the evidence of nutritional benefit in children's dietary intake when a breakfast is consumed from a nationally representative sample. The study reinforces current recommendations to promote breakfast consumption in children.
Conclusion and Implications
Breakfast consumption should be addressed in early childhood through later childhood as evidence indicates eating behaviors are likely to carry from childhood into later years [28] . This study expanded the current research on breakfast consumption by identifying the benefit of improved nutrient intakes, food group consumption, and overall diet quality measure by the 2010-HEI scores when breakfast was consumed among children 2-year-old to 5-year-old and 6-yearold to 12-year-old children. A unique finding from the present study is the substantially greater intake of added sugar in the diets of "breakfast skippers" in the sample compared to those who ate breakfast. Continued nutrition education efforts should reinforce breakfast consumption from an early age to support consumption of key nutrients (i.e. fiber, iron, calcium), and reduce intake of added sugars, with the overarching goal of improving overall diet quality in the US. Compliance with ethical standards
